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Fig. I. spectrograms of commercial and bathed plates 

Spectrograms in the upper left-hand corner show the regions of ct;lor scnsitativeness of the three 
types of conrmrrcial dry plates. The other spcctroRrams show the sensitiveness conferred to 
ordinary blue sensitive plates (Seed, a6x in this case) by bathing in solutions of sensitizing 
dyes. The name of the dye used is given under each spectrogram. The numbers indicate 
the wave length in n n. The letters V, T), G, Y, O, and R indicate the colors— violet, blue, 
green, yellow, orange, and rod. They are placed at the center of the region recognized as being 
occupied by these colors. Beyond the violet and the red are the invisible rays, called ultra- 
violet and infra-red. All photographic plates are sensitive farther out into the ultra-violet 
than i s indicated by these spectrograms. The cutting ofT of the ultra-violet is due to the glass 
used in the optical system of the spectrograph. A glass lens, such as is ordinarily used in a 
camera, has the same characteristic. 



STUDIES IN CX3LOR SENSITIVE PHOTOGRAPHIC 
PLATES AND METHODS OF SENSITIZING BY 
BATHING 

By Francis M. Walters, jr., and Rayniond Davis 



ABSTRACT 

The dyes which are used in color sensitizing ordinary (blue sensitive) plates by 
bathing reqniie diffexent methods for their most successful application. Pinaverdol, 
pinachfome, orthochxome T, and homocol may be used in water solutions, with or 
Trithout qttitwmitftj and are very little sensitive to the presence of electiolytes. Pina- 
cyanol may be used in water solution, if the dry plates axe first thoroughly washed, but 
gives greater sensitizing action with more fog and poorer keeping qualities when used 
with water, alcohol, and ammonia. Dicyanin gives comparatively little sensitizing 
eaccept when used mth water and alcohol and a fairly large per cent of ammonia. 
Films reqtdxe the use of alcohol and ammonia to give the best results with pinacyaaol. 

ComTurrrial panchromatic plates have their color sensitiveness improved by washing 
in water, without the increase in fog which occurs when they are treated with ammonia. 
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L INTRODUCTION 

Photographic plates and films owe their sensitiveness to light 
to the silver bromide embedded in the gelatine with which they 

are coated. Silver bromide as found in the ordinary plate (as 

353 
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well as silver chloride and silver iodide, which are also used in the 
preparation of photographic materials) are aiffected only by blue, 
violet, and ultra-violet light. Green, yellow, orange, and red have 
little or no efiPect, so that a photograph made on such a plate por- 
trays blue, violet, and ultra-violet (which do not affect the eye) 
as white; while green (to which the eye is most sensitive), yellow, 
orange, and red are portrayed as black. This failure of the photo- 
graphic process to render colors in black and white in the same 
order of liuninosity as does the eye prevented for a long time the 
satisfactory photography of paintings, as well as the correct render- 
ing of objects in nature. 

By the addition of small amotmts of certain dyes the photo- 
graphic plate may, however, be made sensitive to green, yellow, 
orange, and red. Plates which are sensitive to the yellow-green 
as well as to the blue and violet are usually called orthochromatic, 
while plates which are sensitive also to the orai^^e and red are 
called panchromatic or spectrum plates. 

These three types of plates are illustrated in 'Pig. i . The letters 
at the botton of the spectrograms indicate the centers of the 
radiations usually recognized by the names: V, violet; B, blue; 
G, green; Y, yellow; O, orange; R, red. Beyond the blue and red 
axe found the ultra-violet and the infra-red. The numbers express 
the wave length of the radiation in millimicrons (i milUmicron= 
0.000 000 001 meter) . The sensitiveness of the plate to any par- 
ticular radiation is indicated by the height of the white part of the 
figure ; thus a height equal to 4 spaces indicates that the plate is 
4 times as sensitive to that radiation as it is to radiation where the 
white area reaches only to the third line and 16 times as sensitive 
as where it reaches only the second line. This sensitiveness refers, 
of course, only to the sensitiveness of the plate to the particular 
source used in making the spectrograms and not to its sensitiveness 
in terms of absolute energy. 

Color-sensitive plates date from Vogel's discovery in 1873 *• 
In one of his experiments a collodion dry plate which had been 
stained yellow with aniline red to prevent halation showed, in 
addition to its blue and violet sensitiveness, a sensitiveness in the 
green. This region of sensitiveness corresponded to an absorption 
band in the spectnun of aniline red. He had much difficulty in 
the sensitizing of his plates, often obtaioing only one satisfactory 
plate out of six attempts. With gelatine dry plates even greater 

> Vofd, Haadbuchder PbotogrApliie^ 4th cd.. I, p. 104; 1890. 
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difficulty was had until the notable discovery in 1882 of eosin ', 
which made silver bromide gelatine plates much more sensitive to 
yellow than any dye before used. Following this encotu-aging dis- 
covery of the sensitizing action of eosin many other djres were 
investigated by Vogel, Schumann, Eder, and others, the ntunber 
investigated by Bder ' and his students runxung into the htmdreds. 
Comparatively few, however, found application in photography. 
The exceptions were cyanin, an orange sensitizer discovered by 
Vogel, and erythrosin, a strong yellow-green sensitizer discovered 
hy Kder * in 1884. (See Fig. i.) Only one of these, erythrosin, 
remains in use to-day. Orthochromatic photography made little 
real progress until 1904-05, when Konig introduced pinachrome, 
orthochrome T, and pinacyanol (Fig. i). Pinacyanol sensitizes 
strongly in the red and serves as the foundation of commercial 
panchromatic plates. 

n. GENERAL INFORMATION 

Plates and films may be sensitized by two methods: (i) The 
dye may be incorporated in the emulsion at some stage in its 
preparation, usually immediately before coating, and (2) by 
bathing an ordinary blue sensitive dry plate in a solution of the 
dye. In general, the more sensitive plates result from bathing, 
but bathed plates often have the defect of not keeping. 

The amount of dye required for sensitizing is very small. When 
incorporated in the emulsion, 2 to 4 mg to 100 cc of emulsion give 
the best results with most dyes, while in bathing the best con- 
centration lies between i part in 25 000 and i part in 75 000, 
although much smaller amoimts give some sensitizing action. 

In order to sensitize, a dye must combine with the silver bromide 
itself. Furtheir, the dyestuflfs which sensitize all fall into the class 
of so-called substantive dyes; that is, they dye substances directly. 
The center of the region which is sensitized by a given dye lies 
about 20 millimicrons farther toward the red than the center of 
the absorption band of the dye.* Thus dyes which sensitize for 
the yellow-green are reddish in color, as, for example, erythrosin 
and pinaverdol. Dyes which sensitize for orange are purple, and 
red sensitizers are greenish. Eder found that the less silver 
iodide a silver bromide gelatin emulsion contained the better it 

* Attont Tailfcr and Clayton; French iMteot No. 159645 of Dec. tj, z88a, and Mar. 39. 1883. 

* Bdcr, AittfQIirlicfacs Handboch der Photographie. «, p. 443: x898- 

* Bder and Valenta, Bfitrftge xitr Photochemle nnd Spectralanalyse. Part UI, p. i74t Wten; 1904. 

* Bder, Handbudi, 3« p. i jo. 
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sensitized. Silver chloride sensitizes readily, but its original 
sensitiveness is so much less than that of silver bromide that the 
sensitized salt does not compare in rapidity with sensitized silver 
bromide.* An important characteristic of a dye suitable for 
sensitizing is its solubility. It must be soluble in water, or it 
must at least be capable of forming a fairly stable colloidal solu- 
tion with it. Dyes soluble only in other solvents — ^for example, 
alcohol — can not penetrate the gelatine in such a manner as to 
dye the silver bromide. In addition, the dye should be of such 
a character as not to stain the gelatine so as to prevent the light 
from penetrating to the silver bromide. Were it not for this neces- 
sary characteristic, there are probably many dyes which would 
sensitize. 

Before the war sensitizing dyes were principally imported from 
Germany. When this supply was cut off, the preparation of the 
dyes was undertaken by various laboratories in England and in 
the United States. The Ilf ord Co. , of London, produced pinacyanol 
and pinaverdol, while ih this country, the Eastman Kodak Co. 
are making orthochrome T as well. The color laboratory, Btu:eau 
of Chemistry, Department of Agriculture, has prepared pinaverdol, 
pinaC]ranol, and dicyanin. The success of these investigators has 
led to the preparation of entirely new sensitizers which promise 
marked improvement in panchromatic plates. 

While commercial panchromatic plates are now sufficiently 
rapid for the photography of still objects and for three-color 
process work, there are certain problems which demand plates 
which are either more rapid or which are sensitive to radiations to 
which the panchromatic plate is not. Those who have these 
problems find it advisable to use ordinary plates sensitized by 
bathing. Important among the special problems are those in the 
field of spectroscopy, in which use is made of dicyanin to photo- 
graph infra-red spectra, and specially stained plates are indispen- 
sable in recording the visible spectrum of faint sources. 

The directions which are furnished by the dye manufacturer for 
using the dye for bathing are at variance with the methods used at 
this Bureau and by some other workers. The work described in 
this paper was undertaken with the view of ascertaining the rela- 
tion between the methods developed at this Btu-eau and the prac- 
tice recommended by the dye makers. 



g;^'] Color Sensitive Photographic Plates 357 

Since pinacyanol is the most widely used red sensitizer and since 
good orthochromatic plates may be obtained conunercially, the 
greater part of the investigation was done with this dye. Various 
methods and conditions of bathing were studied and keeping tests 
were made on plates sensitized by two methods of bathing. In 
addition to pinacyanol other important sensitizing dyes were 
studied. 

m. METHODS OF STUDTHtG COLOR SEHSITIVENSSS 

In studying the various ways of sensitizing by bathing two 
methods were employed: (i) The continuous spectrum of a 
source of white light was f&otographed on the plate, and (2) the 




speed of the plate to white hght was measured and the filter factors 
of the plate with a given set of color filters were determined. 

1. SPECTROGRAPH METHOD 

The spectrograph shown in Fig. 2 was designed for studying the 
color sensitiveness of plates. 

The Ught source (L) is a loo-watt tungsten lamp whose bright- 
ness is kept constant by adjusting a rheostat to maintain a con- 
stant current through the filament. Around the lamp is a white 
reflector (R), while in front of the sht is a piece of ground glass, to 
give uniform tllumination along the slit, which is 2 inches high. 
Between the ground glass and the slit is placed a rotating disk (D) , 
out of which is cut a variable aperture such that the exposure 
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along the slit varies in a fixed manner with the distanoe from its 
ends. The series of horizontal lines on the spectrograms indicate 
geometrically decreasing exposures. The exposure at the first 
line from the bottom is one^fourth that at the bottom; at the 
second line, one-sixteenth; at the thirdi one sixty*fourth; at 
the fourth, one two-hundred-and-fifty-sixth; and at the top, one 
one-thousand-and-twenty-four£h. The light from the slit passes 
through first a photographic lens (£), then a replica of a difErac- 
tion grating, which disperses it into a normal spectrum. Just in 
front of the plate (P) is a screen (Q bearing on it the reference 
lines which mark both intensities and wave lengths on the i^te. 
The end of this screen, through which the red part of the spectrum 
passes, is stained with "rapid filter yellow" to screen out the 
second-order violet light which in the grating spectrum is super- 
posed on the first order red. 

As shown in Pig. 4, the ttmgsten lamp used for the investigation 
does not have the same spectral distribution of energy as does the 
sun. The tungsten lamp is deficient in the blue as compared to 
the sun and is relatively more intense in the red than the sun. 

The spectrograph serves as a very convenient means of study- 
ing qualitatively the sensitizing action, showing as it does the 
regions of sensitiveness, both as to extent and as to the location of 
the maxima, and also, in addition to other detriments, the degree 
of fog induced by the process. For work of a quantitative char- 
acter, however, such as a study of the time of bathing or the effect 
of the proportion of dye in the sensitizing bath, greater exactness 
is desirable. This is fotmd in photographic sensitometiy. 

2. SEKSrrOMBTER MBTHOD 

Sensitometry consists in the exposure of a photographic ma- 
terial to a known sotu-ce of light for definite intervals of time, the 
development of the material imder standard conditions, and an 
interpretation of the blackening produced on the material in rela- 
tion to the time of exposure and the intensity of the light acting. 
The details of the methods of sensitometry used in this work will 
be described in a forthcoming Bureau scientific paper. 

Sensitometry is applied to the study of color sensitizing by 
using filters which transmit light of particular colors only. The 
filters used in this investigation, the relative spectrograms of 
which are shown in Pig. 5, are Wratten A, which gives the zed 
sensitiveness; Wratten G, which gives very nearly the added sen- 
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Bftiveness due to the dye; Wratten B, which gives the sensitiveness 
to green, and Wratten C, to blue. 

The speed or sensitiveness of the plate to the light transmitted 
by the filter may be measured by either introducing the filter 
between the Ught source and the plate in the exposing apparatus 
m by measuring the q>eed to white light and dividing this by the 
filter factor of the plate. When a number of filters are used, the 
second is the more rapid. The following procedtue was, there* 
fore, employed: Three strips from the sensitized plate were 
exposed in the sensitometer to a Ught source having approxi- 
mately the spectral energy distribution of average noon sunlight, 
the strips were developed for different times, the densities meas- 
ured and plotted against the logarithm of the time of exposure, 
and a speed determination made according to the method of 
Hinter and DriflSeld.^ When used with the four Wratten filters 
mentioned above, two strips from the plate served to determine 
the factors of the plate. 

The filter factors were measured as described in Bmreau Scien- 
tific Paper 409. The principle of this consists in varying the 
intensity of the light source tmtil equal blackening is produced 
withequal exposure time with and without the filter. Since the filter 
factor gives the ratio of the total sensitiveness of the plate to its 
sensitiveness to the light transmitted by the filter, the filter 
factor and the speed of the plate without the filter give the data 
necessary to determine the speed of the plate with the filter. 
For example, if the speed of a plate to white light (average noon 
sunlight) is 400 and the filter factor with the A filter is 10 the 
speed through the A filter is 40. 

The method of stating color sensitiveness employed by Eder," 
Sheppard and Mees,* and Wallace *• gives the added or chromatic 
sensitiveness in terms of the blue sensitiveness. This method 
we believe to be tmsatisf actory, because the blue sensitiveness is 
decreased more or less by any process of sensitizing to other 
colors and because the ratio of the color sensitiveness to the blue 
sensitiveness does not give the best basis for comparison of one 
plate with another. The question to be answered is, Does this 
method or that give the greatest sensitiveness to a given color 
of light, regardless of what happens to the blue? This question 

' Fcrguioa. *' Pfaotocnphic rcKtrdws aC Horter and Driffidd," Royal PhotogrsDhic Sodety. I^oodon. 
1990. 

* 8der sad Vaknta, Bdtiage snr Pbotodicmie II, p. ia6. 

* Sheppard andMecs; Investigations on the Theory of the Photographic Process, p. 320, London; T907. . 
><R. J. Waltoec, Astmihyt. Jour.. S6, p^ 305; 1907. 

62785*^—21 2 
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is most directly answered by the speed of the plate to the light 
in question 

IV. PmACTANOL 

Pinacyanol is, for many purposes, the most important sensi** 
tizer. Although it is commonly used in commetcial panchio*- 
matic plates in conjunction with other sensitizers wldch gi^e 
greater sensitiveness in the yellow-green, it alone gives a fairly 
good panchromatic plate. 

1. WATBR BATH 

I 

The following is typical of the directions given by the makers 
for the use of pinacyanol: Dissolve i part of pinacyanol in looo 
parts of ethyl alcohol for the stock solution. To make red sensi; 
tive plates, bathe ordinary gelatine plates for two or three minutes 
in the following solutions: Water, 200 parts; stock ^lution, 3 
parts. Wash well in running water, or frequent changes for 
several minutes, and dry in total darkness as quickly as possible 
in a current of warm, dry air free from dust. 

If these directions are followed, it is fotmd that the dye precipi- 
tates on standing after a plate has been bathed in it, or often 
before the plate has been sensitized, which results in the plate 
being spotted and lacking in sensitiveness. Pinacyanol is not 
soluble enough in cold water to wash away any dye deposited 
on the plate in the gelatine. 

The addition of alum, ammonia, potassium bromide, and other 
electrolytes to the dye bath (water 200 cc, pinacyanol stock solu- 
tion 3 cc) causes flocculation of the dye. This may indicate 
that the bath is not a true solution, but a coUoidal solution or 
dispersoid. 

This phenomenon suggested to the writers that the failure of 
the water bath in sensitizing ordinary commercial plates might 
be due to the presence of electrol3rtes in the emulsion. It is cus- 
tomary to add to the emulsion immediately before coating a 
small quantity of chrome altun to harden the gelatine, so that it 
will withstand alkaline development at room temperatures. There 
may also be present various other electrolytes,. such as soluble 
bromides to restrain fog." If present, these soluble salts would 
come to the surface of the plate in drying and would thus be in 
a position to cause the speedy flocculation of the dye bath. 

Accordingly, we tried wadiing the plates in tap water before 
bathing in a water solution of pinacjranol and found that the 
plates then did not cause the flocculation of the dye bath. The 
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time for bathing is also decreased by this operation, since the 
gelatine swells somewhat and permits diffusion to take place 
moare rapidly. With a. washing time of five minutes the time 
required for sensitizing is decreased to two minutes. 

While not so fast as plates sensitized in a bath containing 
ammonia, the water-bathed plates show considerably less initial 
fog and also keep much better. 

Anotiier point of importance is that if a plate be examined 
after removal from the dye bath there is found on it a considerable 
amount of the dye which is not removed by washing in water. 
In addition, there is a considerable staining of the gelatine, 
which decreases by its screening action the sensitiveness of the 
plate. Rinsing the plate in ethyl alcohol after the dye bath will 
remove to a large extent the dye dissolved in the gelatine, as well 
as that on the surface, while not affecting that which has com- 
bined with the silver bromide and to which the sensitizing action 
is due. That this is true may be shown by the fact that pro- 
longed bathing in alcohol after sensitizing in the water bath 
does not decrease the color sensitiveness. It is common experi- 
ence that bathed plates must be dried rapidly to secme speed 
and freedom from fog." In addition, therefore, to furnishing 
cleaner plates, the rinse in alcohol aids in drying the plates. The 
drying is accelerated by the alcohol, which replaces to a large 
extent the water in the gelatine film. 

2. WATER, ALCOHOL, AND AMMOmA BATH 

It has been observed (particularly with erythrosin) that the 
addition of ammonia to the dye bath increases the sensitizing 
action of the dye. If ammonia be added to a water bath of 
pinacyanol, flocculation occurs and prevents sensitizing. How- 
ever, ammonia may be safely added to the dye bath if sufi&dent 
alcohol be present. Thus the formula used at this Bm-eau calls 
for— 

Parts 

Water 60 

Cthyl alcohol (95 per cent) 40 

Pmacyanol stock solution (x to 1000) 4 

Amnonia (2ft per cent) 4 

For ordinary work this quantity of ammonia usually gives too 
much fog and is recommended only in the case of plates which 
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u Bdcr, Haadbuch, 8. p. 86. u R. J. WBUaoe, Astrophya. Jour.. 86. p. 399; 1907. 
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are used for position measurements, as in s^pectroscopy. If tiie 
amount of ammonia be cut from 4 to 3 cc, tiie sensitizing action 
is nearly as great and the fog is much less. Compared vnAi plates 
bathed in water and pniacjranol, the sensitizing action is twice as 
great. As shown in Fig. 6, the sensitizing action of a bath com- 
posed of water and alcohol with no ammonia is less than the 
bath containing water only. For use in spectroscopy the ammonia 
method has the particular advantage of extending the region of 
sensitiveness, so that lines further in the red may be photographed. 
(See Fig. 7.) 

It should be emphasized, however, that ammonm as a sensitizer 
reduces the keeping qualities of plates below those of other 
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3. KEBFOffG TESTS 

In making the test on the relative keeping quali^ of plates 
sensitized by the two methods of bathing a slow portrait plate 
which works fairly free from fog was used. A dozen of these 
were bathed by each method on a clear, dry day. 

The water bathing was carried out as follows: The plates were 
placed in the cage of a devdoping tank, washed in running tap 
water (temperature 18^ C) for five minutes, then transferred to a 
bath composed of tap water 1900 cc, pinacyanol stock solution 
(i to 1000) 38 cc. After bathing for two minutes they were placed 
in alcohol for two minutes, swabbed off, and dried in a light-tight 
cabinet, through which air at room temperature was forced by an 
electric fan. When dry the plates were packed face to face in 
an ordinary plate box. 

The other dozen plates were placed directly in a tank containing 
a bath composed of — 

Parts 

Water 1300 

Etfayl aloohol 700 

Pinacyanol stock solution 40 

Ammonia (38 per cent) 40 

After four and one-half minutes in this bath (18^ C) the plates 
were rinsed for two minutes in alcohol, swabbed off, and dried. 

As soon as the two sets of plates were dry one of each was 
exposed in the sensitometer, and its filter factors were also meas- 
ured. Another pair was treated in the same manner a few hours 
later on the same day. Then tests were made once a day for a 
few days and finally at intervals of about a week. 
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The curves in Pig. 8 show the variation in speed ^ to white light 
and the fog ^* of the plates sensitized by the two methods. 

Fig. 9 shows the characteristic curves for a plate sensitized 
with pinacyanoly water, alcohol, and ammonia when the plate 
was usable, while Fig. 10 shows the characteristic curves of a 
similar plate after it had become tmfit for use. 

The variation in speed through filters with time of keeping is 
shown in Figs. 1 1 and 12. If these ciuves be compared with those 
for the variation in speed to white light (Pig. 8), it will be seen 
that while the speed to white light was decreasing the speed due 
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FZO. 8. — Km^ng Utis on pJaks sentHUed viUh pinacyanol 

Tlie carves whidi start at the upper kft-hand comer of the gnph show the speed to white light, while 
those that start at the kmer left'haiid coiner showfoc (for unit de vdmim e u t tounit coofirast) measured 
in density. Fun lines—plates sfnsitiwd in pinacyanol, water, akohol, and anwnonia 

NOXB."— Th« log is given for yr i ; that is, a development such that the oontsast of thenegative is the same 
as that of the subject. 

to the added sensitiveness conferred by the pinacyanol did not 
decrease at quite the same rate. 



"^irerj with 



4. BATHDTG FILMS 

In sensitizing films with pinacyanol it was found that the 
method of prewashing and bathing in a water solution of the dye 

» *' speed" as used here is measured by the method of Hurter and Driffield. Briefly, this is as follows: 
When the density doe to exposure to light is plotted against the logscithm of the time of exposure some of 
the paints will lie on a straight line. If samples d the plate which have received a set of exposures are 
developed for different lengths <i time, their respective straight line iwrts extended intersect nearly in a 
point on the exposure axis. The value c< the exposure at this intersection point is called the "inertia "of 
theidate. The speed numbers used by us are xo divided by the inertia, so that the greater the speed number 
the faster the plate. This number was selected instead of Hurter and Driffield's saII because the light 
toorce employed by them (the menu candle) is deficient in the blue as oompaied with our Hgfat source, 
whieh approximates avenge noon saufiWht in its distribotiai of spectral energy. It should be notleed that 
lor this reason our speed numbers are not convertible into Hurter and Driffield numbers. 

^ Pog is measured as density. Density is defined as log i* (r/T), where T (transmission) is the ratio of 
thetransmitted to the incident lii^t. Thus a fog density of 0.30 trsnsmits one-half of the light f aOlttg on • 
plate; a density of x.oo, one-tenth of the incident lig^ and a deosity of a. one one-hundredth. 

62786^—21- 
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was not successful and that to get adegdate aensitunig actkn it 
was necesnty to use the both coatami^ water, nVntM^^ and 
ammonia.. Fjfans have a tendency to give kmkc fog with badnng 
than do some plates. It has been remaAfd by aone that any 
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orthochromatic emulsion gives more fog iriien bathed than (ndi- 
naiy plates, and suitable fifans for bathing are not obtainable ex- 
cept with some degree of orthochiDinatism. In bathing films it 
is necessary to exercise connderable care that nothing comes in 



Pio. 10.— Chamctmrftc cumti for old bathed phUs {pinacyanol, tboUt, akolul, and 

contact with either side of the film, suice the back is usually 
coated with gelatine to make the film noncurling. If the back (tf 
the film becomes scratched, these scratches will cause defects in 
the print. 
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S. SMBD 09 VLkTEB HBKMUt AMD ATDBl BAtHDIO 

To study the comparative sensitizing action on plates having 
different characteristics as to speed and contrast, four plates made 
by the same manufacturer were selected, a fast plate, a medium* 
speed plate, a slow plate, and a pnxxss plate. The plates were 
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sensitized in a bath containing pinacyanol, water, alcohol, and 
ammonia. Table i shows the results obtained : 
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These fesults indicate that more added sensitiveness 
ferred by the dye bath on slow plates than on fast 
be concluded that when speed is not the factor oi 
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tance, the plate chosen for bathing should be sdected on the basts 
of its freedom from fog, its developing characteristics (contrast) , 
and its resolving power. 

The spectrograms of Fig. 13 show that the sensitiveness added 
by pinacyanol is about the same for the 30^ 26 X , and 23, although 
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the blue sensitiveness which the plates had originally still falls in 
the same order as the speed before bathing. Relatively the piioc- 
ess plate has acquired, a much greater sensitiveness than the other 
three plates, although its actual speed is far below them. 

It may be remarked here that the blue sensitiveness of a plate 
is decreased by sensitizing. Thus the plates which were used for 
the keeping test had before bathing a speed of 55 mth the C 
filter (blue), while after sensitizing with pinacyanoi and water 
the speed dropped to 28 and after sensitizing with pinacyanoi, 
water, alcohol, and ammonia to 26. 

V. DICTAHIN 

The makers' instructions for the use of dicyanin call for much 
the same procedure as in the case of pinacyanoi. However, with 
dicyanin, even prewashing failed to give satisfactoiy sensitizing 
with the water bath. Mees^' states that it is necessary to bathe 
the plates immediately after adding the stock solution of dicyanin 
to the water, but even this procedure failed to give satisfactory 
results with the specimen of dye employed. This sample of di- 
cyanin was about three years old. 

When this sample of dicyanin was used with ammonia in the 
presence of enough alcohol to prevent flocculation, the sensitising 
action was satisfactory. The use of ammonia has the important 
advantage of extending the sensitiveness to longer wave lengths, 
as well as increasing the action of the d3re at its maxima. It is 
due to the use of ammonia that certain investigators** have been 
able to photograph in the infra-red as far as 1000 /i, while those 
who have not used ammonia with dicyanin have failed to photo- 
graph further than 8oo/i. 

A satisfactory bath for dicyanin is as follows: 

Farts 
Water 60 

Ethyl aloobol (95 percent) 40 

Dicyaninstock solution (i to 1000) 4 

Ammonia (28 per cent) 4 

As shown in Fig. 14, the more ammonia used the greater the 
sensitizing action, but the proportion of ammonia is limited by 
the fog it induces. 

Dicyanin requires more care in its use than the other photo- 
sensitizing dyes. The solid dicyanin should be bronze green in 

'^ Mees and Wrattea. Photoeraphk Jour., 58, p. as, 1908 (Ncwtoa and Bull}* 
>« B. S. Bull., 14. p. 376, 1917. 
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coloi-. If it is hot, particularly if it appears btown^i^, the dye has 
deteriorated and should not be used. The dye must be kept 
cool and dry in order to retain its sensitizing power. A freshly 
mixed bath of &cysa6n is a bright blue-gteen color. As soon as 
the dye deteriorates the color changes considerably, the solution 
appears dull, and in addition shows a transndssioii band in the 
red. Such a solution should not be used. The temperature of 
the bath should not exceed 18® C, if plates reasonably free from 
fog are to be obtained. The alcohol rinse ahJbr bathiilg is decidedly 
beneficial. 

ORTHOCHROMATIC SENSITIZERS 

The other important sensitizers investigated were pinaverdol, 
pinachrome, homocol, orthochrome T, and erythrostn. These 
dyes are by no means as sensitive as pinaqranol and dicyanin to 
the action of electrofytes; they do not flocculate so readily in the 
presence of ammonia, potassium bromide, and altun. With the 
orthochromatic sensitizers the action of ammonia is most marked 
with erythrosin and homocol. The other dyes show a slight in- 
crease in sensitizing action with ammonia, but hardly enough to 
justify its use. 

1. ERYTHROSPY 

Erythrosin is stated by Eder >• to be the best of the flourescin 
dyes for sensitizing. Other important representatives of this 
class are eosin and rose bengal. He also states that plates bathed 
with erythrosin are superior to plates in which the dye is incorpo- 
rated in the emulsion. We were not able, however, with the 
sample of erythrosin used (Kahlbaum) to produce plates which 
were as sensitive in the yellow-green as tiie orthochromatic plates 
made by one American manufacturer. (Fig. 15.) 

We found erythrosin to give the best results when used accord- 
ing to the directions given by Eder." The plate is given a prebath 
for two minutes in 

Parts 

Water 100 

Ammooia 2 

Then it is bathed for two or three minutes in a bath of 

Parts 

Water 100 

Stock solution (i to 1000) ao 

Amxnoiua a 

1* Bder. Handbuch. S« p. Z74- *' Bder, Handbuch, S, p. 176. 
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The bathed plates should be washed in water to remove the excess 
dye from the gelatine. A rinse in alcohol will shorten the time 
required for drying. 

An inspection of the spectrograms of commercial orthochro- 
matic plates indicates that erythrosin or a dye of the erythrosin 
type is used in their manufacture. The advantage of erythrosin 
over such dyes as pinaverdol is its limited region of sensitizing 
action, since the sensitiveness conferred by erythrosin ceases ab- 
ruptiy at 580/i while the action of the other dyesconti^ues rather 
farther into the red. This limited region of sensitiveness makes 
it possible to develop plates made sensitive with erythrosin in the 
light of an ordinarily good red dark-room lamp. This is a decided 
advantage to the practical photographer. One of the reasons 
that panchromatic plates have not been more generally used is 
that they must be developed in total, or at best in slightly modi* 
fied darkness, so that the photographer is unable to judge whether 
or not he is carrying development to the contrast required by the 
subject and the printing medium to be used. 

2. PINAVBRBOLy FDffACHROlCB, ORTHOCHROMB T, AHD HONOCOL 

These dyes are very much alike in the regions for which they 
sensitize. (Figs. 16 and i6a.) Of these four dyes, homocol has its 
sensitizing action increased most by the use of ammonia. Their 
greatest application probably lies in their use in conjunction with 
pinacyanol to supply the slight deficiency of the latter in the green. 

Vn. HTPERSENSITIZING COMMERCIAL PANCHROMATIC 

PLATES 

The well-known action of a bath of dilute ammonia in increasing 
the speed of an ordinary dry plate was applied to commercial 
panchromatic plates in the process worked out by S. M. Burka *• 
and C. C. Kiess at this Bureau in 1918. They found that com- 
mercial panchromatic plates bathed for four minutes in — 

Farts 

Water 75 

Ethyl aloohol (95 per cent) 2$ 

AnmiQiiia (20 per cent) 3. 5 

had the total speed increased 100 per cent and the red speed 
increased 200 to 800 per cent. A greater increase in speed was 
obtained by the use of 3.5 to 100 cc of water, with the omission of 
the alcohol. In this case, however, the plates dry more slowly 

u Jour. Prank. Intt., 18tt p. as: 2920. 
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and develop more fog than wben alcohol is included in the hj^per- 
sensifiring batii. A rinse in alcohol after the ammonia bath will 
help in drying the plates more rapidly. In an early investigation 
of the sensitizing properties of cyanin Schumann f otmd that bath- 
ing in a dilute solution of ammonia imparted great speed and sensi- 
tivity to a plate with cyanin incorporated in the emulsion. (See 
Photographische Rundschau, 3, pp. 143, 175; 1889.) 

In Fig. 17 are shown the results of a keeping test made on 
Wratten Panchromatic Process, D. C. The plates were hyper- 
sensitized without the use of alcohol. The plates gave evidence 
of a sU^t increase in speed for a few days after hjrpersensitizing, 




Fig. 1 7 . — Variation of speed and fog Vfith time of keeping hypersensiiized plates 

Tbe fof has Jacresacd inm. • density of 0.45 to 3.00 in 45 days (a density of 3.00 tmumits i/xooo ci the 
inddeiit fight). 

NoiB.— The fog is given for —72; that is. the development was carried until the oantiast was twice that 
in tbe subject. 

while the fog kept increasing from the time the plates were 
hypersensitized. 

A comparison of the increase in speed brought about by wash- 
ing and by hypersensitizing commercial panchromatic plates 
shows that a part of the hypersensitizing action is due to the 
removal of certain soluble restraining substances by washing. 
In Table 2 are given the results of washing and h3rpersensitizing 
three typical panchromatic plates. 

Vm. INCREASE IN SPEED BY WASHING BEFORE EXPOSURE 

The improvement in sensitizing by washing the ordinary plate 
before bathing in pinacyanol-water solution suggested that there 
might be a corresponding improvement in the speed of commercial 
panchromatic plates. Accordingly a few typical panchromatic 
plates were washed for five minutes in running tap water and 
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dried, following which the total speed to white U^t and the filter 
factors were measured. As seen from Table 2, all of the pan- 
chromatic plates showed decided improvement on beii^ washed. 



Pio. ig. — spectrum promt plaU, UHlrmiUd 

That the effect is not due to a change in the rate of development 
is clear &om an inspection of Figs. 19 and 20, which show the 
characteristic curves for the spectrum process plate before and 
after washing. Nor is the improvement due to the sensitizing 
action ci some impuri^ contained in the tap water, since plates 
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FlO. 90, — Spectrufn priKtts plat*, vnuhed in lap -woter for Jive miiuitM 

washed in a few changes of distilled water showed the effect as 
well if not better than with tap water. That the action is not due 
to a variation of the water content of the plate may be concluded 
from the fact that the plates before exposure in the sensitometer 
were backed and allowed to dry ftn* about an hour. This time is 
sufficient for the unwashed plate taken from the box to come to 
.the same state of humidity as the plate which had been washed. 
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This incnue of souitiveiiess may then be coocluded to result 
from the removal of certain restraimng substances from the eitml- 
■on. From our ex peri en ce with pinacyanc4, chrome alum, and 
potaMium bromide suggest themselves as the restraining sub- 



The comparison of the spectrograms o( unwashed and washed 
panchromatic plates (Pig. tS) shows that the greater part of the 
increase in speed to white light comes in the region of sensitiveness 



Pkt. tt.S pKl nmi fnun plait, hyPtnuuttuid im walm too a, ammonia 
J-S V, md tmUttd/our mtinmUi 

which is due to the dyes. This is borne out by the ^wed 
mcnts with the filters. 
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The table shows that while washing does not bring the increase 
in speed that hypersensitizing does it does not cause the produc- 
tion of as much fog. The characteristic curves (Pigs. 19, 20, 21) 
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show that washing improves the scale or rendering power of the 
plate, while hypersensitizing does the r e verse. 

Manufacturers are tuged to investigate the increase of sensitive- 
ness found by washing in water, as it may be of considerable 
advantage to so treat their panchromatic plates before placing 
them on the market 



DL THE TECHNIQUE OF PLATE BATHING 

More or less difficulty will be experienced by anyone learning 
to bathe plates. It is advisable for the begixmer to carry out 




Fig. 22. — Drying cabinet 
The outside of the cabinet is shown in light line and the inside in heavy line. 

the process in full light. This will enable him to follow the 
process and to discover the effect of the different baths on the 
plate; whether or not the bathing is sufficiently long for the dye 
to get through the emulsion, and whether or not the rinse removes 
the dye well enough from the gelatine. It will tell him how 
much he has to rock the trays containing the baths and will give 
him some idea of how long it takes the plate to dry after bathing. 



